Abstract. Colorectal cancer (CRC) is a malignancy with high metastatic rates. The mechanism of miR-128 on the regulation of Ribophorin-II (RPN2) in CRC cells was explored in the present study. Reverse transcription quantitative polymerase chain reaction (RT-qPCR) or western blot analyses were conducted to detect miR-128 and RPN2 levels in tissues and cell lines. AmiR-128 overexpression model was constructed using miR-128 mimic transfection in HT29 CRC cells. Then, cell proliferation was detected using a Cell Counting Kit-8 assay, and the migratory and invasive abilities were measured by Transwell assay. RT-qPCR and western blot analysis were used to detect expression levels of protein kinase-B (Akt)-tumor protein 53 (p53)-cyclin pathway and metastasis-associated factors. In the present study, it was identified that aberrant decreased miR-128 was negatively correlated with RPN2 in CRC tissues. The increased RPN2 levels were significantly associated with poorly-differentiated histology, advanced stages and lymph nodes metastasis in patients with CRC. The survival rate of patients with CRC was also closely associated with RPN2 levels. In HT29 cells, miR-128 upregulation downregulated mRNA and protein levels of RPN2, and significantly inhibited cell proliferative, migratory and invasive abilities. Markedly decreased Akt phosphorylation and cyclin D1 levels and increased p53 levels were detected when cells were transfected with miR-128 mimics. Concurrently, decreased levels of matrix metalloproteinase (MMP)-2, MMP-9 and metastasis-associated protein 1, and increased levels of epithelial-cadherin and tissue inhibitor of metalloproteinases 2, were revealed in miR-128 mimic-transfected cells. Subsequent to screening with miRNA target prediction databases, the specificity of miR-128-targeted RPN2 was validated by a luciferase reporter assay. In conclusion, the results suggested that miR-128 was a specific negative regulator of RPN2, which regulated colorectal cancer cell proliferation and migration by affecting the Akt-p53-cyclin pathway. These data may provide novel evidence for the therapeutic potential of miR-128-based treatments for colorectal cancer.
Introduction
Colorectal cancer is one of the most serious malignancies threatening human health; it is ranked as the second leading cause of gastroenteric tumor-associated mortality worldwide, and the fourth leading cause of global tumor incidence and mortality (1) . Due to increases in average population age, increasing CRC incidence has become a serious global public health issue (2, 3) . As a result of a lack of effective diagnostic strategies for early-stage CRC, the majority of cases of CRC are diagnosed at advanced stages, and consequently are not able to be completely cured by surgical intervention. The 5-year survival rate of advanced-stage CRC is low, at only 10% (4, 5) . Tumor metastasis is one of the most common causes of cancer-associated mortality and involves cancer cells migrating from the primary tumor site to other organs via the lymphatic or circulatory systems. Although an increasing volume of evidence has demonstrated that the tumorigenesis rates and progression of CRC depends on various genetic variations (6) (7) (8) , additional studies examining the in-depth molecular mechanisms are required. At present, novel molecular markers and targets for the early diagnosis of CRC are become an important area of study. MicroRNAs (miRNAs/miR), as a type of non-coding, single-stranded RNAs ranging from 21-24 nucleotides in length, have been previously demonstrated to be novel effective molecular targets for cancer therapy (9) (10) (11) (12) . The majority of miRNAs combine with the 3' untranslated region (UTR) of target mRNAs through incomplete complementary combination, in the form of RNA-induced silencing complexes (13, 14) . miRNAs inhibit the expression of target genes by suppressing mRNA translation or reducing the stability of mRNAs (15) . An increasing number of studies have indicated that the aberrant expression of miRNAs may affect a number of physiological cell processes, including cell proliferation, differentiation, migration and invasion (16) . In addition, miRNAs have also been demonstrated to be associated with clinical CRC development and metastasis by regulating the expression of target genes and relevant proteins (17) .
MicroRNA-128 targeting RPN2 inhibits cell proliferation and migration through the Akt-p53-cyclin pathway in colorectal cancer cells
Based on previous studies, miR-128 exists in a number of tissues with markedly different expression levels (18, 19) . The aberrant expression of miR-128 is associated with numerous types of tumors, including glioma, prostate and breast cancer, and CRC (20) . The overexpression of miR-128 may inhibit the developmental, proliferative and invasive abilities of prostate cancer cells (16) . Concurrently, it may also decrease the proliferation rate of acute myeloid leukemia cells by increasing the extent of DNA damage (21) . miR-128 was suggested to inhibit glioma cancer cell proliferation by suppressing the protein kinase B (Akt) pathway and cyclin-dependent kinase inhibitor 1 expression (22). Ai et al (17) identified that miR-128 inhibited murine CRC cell development in vitro and in vivo by targeting and inhibiting the expression of matrix metalloproteinase (MMP)3, MMP10 and MMP13 in CRC cells. Although the mechanisms of miR-128 in tumors have been studied extensively, its role in human CRC remains unclear.
Ribophorin-II (RPN2), encoding the essential subunit of the oligosaccharide transferase complex, is important for cell structure, cell signal recognition and transduction (23) . The expression of RPN2 was identified to be increased in patients with gastric cancer, CRC, hepatocellular carcinoma, lung and breast cancer, and head and neck neoplasms, with a potential association with clinical phenotype (24) . It is also associated with tumor metastasis, prognosis and drug resistance in tumor cells (25) . RPN2 knockdown was demonstrated to promote cell apoptosis, inhibit cell proliferation and increase cell sensitivity to chemotherapeutics in lung and breast cancer, and osteosarcoma (26) . RPN2 overexpression was also verioverexpression was also verioverexpression was also verified to inactivate glycogen synthase kinase 3β and lead to a steady expression of mutational tumor protein (p53), and to regulate tumorigenesis and metastasis in breast cancer stem cells (27) . Whether there is any association between miR-128 and RPN2 in regulating CRC is currently unknown, and merits additional study.
Collectively, the present study focused on the role of miR-128 in regulating RPN2 expression in CRC cells, and provides novel evidence for the therapeutic potential of miRNA regulating colorectal cancer. 4 cells/well and cultured for 24 h prior to transfection. Then, confluent cells were transfected with miR-128 mimics (5'-UUU CUC UGG CCA AGU GAC ACU-3') and control scrambled sequences (5'-GTG ACC CAC GAT GTG TAT TCG C-3') (Shanghai GenePharma, Co., Ltd., Shanghai, China), at a final concentration of 50 nmol/l with Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to manufacturer's protocol.
Materials and methods

Patients and tumor samples.
Human CRC HT29 cells were randomly allocated into three groups: Control; mock (cells transfected with control scrambled sequences); and miR-128 (cells transfected with miR-128 mimics) groups. Reverse transcription quantitative polymerase chain reaction (RT-qPCR) was conducted to determine miR-128 expression levels, and RT-qPCR and western blot analyses were conducted to determine RPN2 expression levels in the control, mock and miR-128 groups, as described subsequently.
Cell Counting Kit (CCK)-8 assay.
Cell viabilities in the control, mock andmiR-128 groups were measured using a CCK-8 assay (Beyotime Institute of Biotechnology, Haimen, China). Cells were seeded onto 96-well plates (100 µl/well) at 5x10 3 cells/well and cultured in RPMI-1640 medium for 4 h at 37˚C in a 5% CO 2 incubator. Subsequently, 20 µl CCK-8 reagent was added and cells were incubated at 37˚C again for 1 h. Optical density values were measured at a wavelength of 450 nm by the iMark microplate absorbance reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Transwell assay. HT29 cells (6x10
4 cells/well) were seeded in the upper wells of a Transwell migration system attached with polycarbonate filters (Corning Incorporated, Corning, NY, USA) in RPMI-1640 supplemented with 0.1% FBS. The lower wells were filled with RPMI-1640 with 10% FBS. Following incubation for 24 h at 37˚C, the non-migrating cells from the upper well were removed with cotton swabs. The cells that had migrated through the membranes were fixed with 70% cold ethanol at 4˚C for 30 min, and stained by 0.1% crystal violet at 37˚C for 30 min. Cells were counted in 5 separate fields of view and images were captured using light microscopy with x200 magnification (Olympus Corporation, Tokyo, Japan) and cell migration rate was calculated.
The cell invasion assay was performed as aforementioned, with the exception of the application of chambers with Matrigel ® (BD Biosciences, Franklin Lakes, NJ, USA), which was melted at 37˚C for 30 min prior to usage.
Reverse transcription quantitative polymerase chain reaction (RT-qPCR).
Quantification of miR-128 was performed using a TaqMan MicroRNA Reverse Transcription kit (Thermo Fisher Scientific, Inc.). The expression of miR-128 was normalized using U6. Analysis of relative gene expression data was conducted using 2 -ΔΔCq method (32) . To determine mRNA levels of RPN2, p53, Cyclin D1, MMP-2, MMP-9, epithelial-cadherin (E-cadherin), metastasis-associated protein 1 (MTA1) and tissue inhibitor of metalloproteinases 2 (TIMP2), total RNA extracted from CRC tissues, different groups of CRC cells, or cells transfected with miR-128 mimics was firstly reverse transcribed using the Takara PrimeScript RT reagent kit (Takara Bio, Inc., Otsu, Japan) at 25˚C for 5 min, 42˚C for 60 min and 72˚C for 10 min. Quantification of mRNA was determined using a TaqMan Gene Expression Assay(Thermo Fisher Scientific, Inc.). The thermocycling conditions of the reactions were as follows: 15 sec at 95˚C, followed by 40 cycles of denaturation at 95˚C for 15 sec and annealing/extension at 60˚C for 25 sec. Target gene expression was normalized to GAPDH. The primer sequences are summarized in Table I .
Western blot analysis. Total protein of cells in each group was extracted using ProteoPrep ® Total Extraction Sample kit (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). GAPDH was used as a control. Concentrations of proteins were determined using the Bradford assay (Bio-Rad Laboratories, Inc.), and protein samples (20 µg/lane) were separated on 10-15% SDS-PAGE and electroblotted onto polyvinylidene fluoride membranes (EMD Millipore, Billerica, MA, USA). Following blocking with 5% non-fat dry milk dissolved in 0.01 mol/l TBST solution (Wuhan Boster Biological Technology, Ltd., Wuhan, China), for 1 h at 37˚C, membranes were incubated with specific primary antibodies overnight at 4˚C. Then, the membranes were treated with a goat anti-rabbit immunoglobulin G H&L horseradish peroxidase-conjugated secondary antibody (Abcam; cat. no., ab6721, 1:5,000 dilution) at 37˚C for 1 h and exposed to X-ray film. Finally, immunoreactive bands were detected using enhanced chemiluminescence detection reagents (Amersham; GE Healthcare, Chicago, IL, USA). Band densities were quantified by densitometry Image Lab™ Software version 4.1 (Bio-Rad Laboratories, Inc.). The antibodies used were as follows: Rabbit anti-RPN2 (Abcam, Cambridge, UK; cat. no., ab64467; 1:1,000 dilution); anti-p53 (Abcam; cat. no., ab131442; 1:1,000 dilution); anti-Cyclin D1 (Abcam; cat. no., ab226977; 1:2,000 dilution); anti-MMP-2 (Abcam; cat. no., ab37150; 1:1,000 dilution); anti-MMP-9 (Abcam; cat. no., ab73734; 1:1,000 dilution); anti-MTA1 (Abcam; cat. no., ab71153; 1:2,000 dilution); anti-E-cadherin (Abcam; cat. no., ab15148; 1:500 dilution); anti-TIMP2 (Abcam; cat. no., ab180630; 1:1,000 dilution); and anti-GAPDH (Abcam; cat. no., ab9485; 1:2,000 dilution).
Bioinformatics target prediction and luciferase reporter assays. Bioinformatics target prediction tools, including Target Scan (http://www.targetscan.org/), PicTar (http://pictar. mdc-berlin.de/) and miRNA targets (http://cbio.mskcc. org/mimaviewer/) were used to define the potential targets of miR-128 in 3'-UTR fragment of RPN2.
The miR-128-3p binding sequence of the RPN2 3'-UTR fragment was intentionally mutated using the Gene Tailor Site-Directed Mutagenesis System (Invitrogen; Thermo Fisher Scientific, Inc.), according to the protocol of the manufacturer. Then, the human RPN2 3'-UTR or mutated RPN2 3'-UTR sequences were ligated into the luciferase reporter vector pGL3-basic plasmid (Promega Corporation, Madison, WI, USA), to obtain theRPN2 3'-UTR and Mut-RPN2 3'-UTR recombinant luciferase reporter plasmids, respectively.
Then, 5x10
3 293 cells were seeded in 96-well plates and co-transfected with 0.2 µg luciferase reporter plasmid (RPN2 3'-UTR, or Mut-RPN2 3'-UTR plasmid) and 50 nmol/l miRNAs [miR-128-3p or non-specific sequence (NC)], using Lipofectamine ® 2000. Following 24 h of incubation at 37˚C, cells were harvested by centrifugation (5,000 x g) at 4˚C for 20 min, and luciferase activities were measured using the Dual-Glo Luciferase Reporter Assay System (Promega Corporation) according to the protocol of the manufacturer. Data were normalized to the Renilla luciferase activity.
Statistical analysis. Statistical analyses were performed using SPSS 22.0 software (IBM Corp., Armonk, USA). Each experiment was repeated in triplicate, with all data presented as mean ± standard deviation. A one-way analysis of variance followed by a Tukey's post-hoc test was used to compare either two or multiple groups. The χ 2 test was used to compare categorical variables. A Spearman rank correlation coefficient was used to analyze the correlation between variables. Kaplan-Meier and log-rank test were used for survival analysis. P<0.05 was considered to indicate a statistically significant difference. P<0.01 was considered to indicate a particularly significant difference.
Results
miR-128 and RPN2 levels in CRC tissues.
The present study included a total of 53 patients, with a median age of 57 years. The expression of miR-128 and RPN2 in CRC tissues and adjacent normal tissues was assessed using RT-qPCR. Compared with normal tissues, the levels of miR-128 in CRC tissues were significantly decreased, while the expression of RPN2 was increased in CRC tissues (P<0.01; Fig. 1A and B) . The correlation analysis indicated a marked negative association between the expression of miR-128 and RPN2, which suggested that miR-128 was likely to be significant in the control of RPN2 regulation (Fig. 1C) . A total of 70% (37/53) patient tissues exhibited increased RPN2 expression in tumor tissues compared with adjacent normal tissues, were placed in the high RPN2 expression group. Patients with decreased RPN2 expression in tumor tissues, compared with adjacent normal tissues, were placed in the low RPN2 expression group. As demonstrated in Table II , compared with adjacent tissue, the increased RPN2 and corresponding reduced miR-128 were significantly associated with poorly-differentiated histology (P=0.042), advanced disease stages (P=0.004) and lymph node metastasis (P=0.013). It was also detected that the survival rate was decreased in patients with CRC with an increased expression of RPN2, and corresponding decreased miR-128 levels, compared with patients with decreased levels of RPN2 and corresponding increased miR-128 levels (P=0.445, Fig. 1D ).
miR-128 and RPN2 levels in CRC cell lines.
Decreased miR-128mRNA levels, as determined by RT-qPCR, along with increased RPN2 mRNA and protein levels, as determined by RT-qPCR and western blot analysis, were also evaluated in 4 human CRC HT29, SW480, SW620, and HCT116 cell lines in comparison with the normal CRC NCM460 cell line. The most significant variations among the CRC cell lines were detected in the HT29 cells, which was then selected to conduct subsequent experiments (P<0.05; Fig. 2 ).
miR-128 downregulates mRNA and protein expression levels of RPN2 in HT29CRC cells.
The miR-128 levels in the miR-128 group, determined by RT-qPCR, were increased 2-fold in comparison with the control and mock groups (P<0.05; Fig. 3A) . The effect of miR-128 mimics on RPN2 levels was subsequently evaluated using RT-qPCR and western blot analysis ( Fig. 3B and C) . Aberrant increased miR-128 levels downregulated the mRNA and protein expression levels of RPN2. As indicated in Fig. 3C , the overexpression of miR-128 resulted in a ~44% decrease in RPN2 protein expression compared with the mock and control groups (P<0.05).
miR-128 inhibits cell proliferation, migration and invasion of HT29CRC cells.
Then, the effect of miR-128 on the biological processes of HT29 cells including cell proliferation, migration and invasion was detected (Fig. 3D-F) . In the miR-128 group, cell proliferation was significantly inhibited by miR-128 overexpression compared with the mock and control groups (37%; P<0.05; Fig. 3D ). Additionally, increased levels of miR-128 attenuated the cell migration and invasion rates; the inhibition rates were ~31% and 33%, respectively (P<0.01; Fig. 3E and F) . The results suggested that miR-128 serves important roles in CRC.
miR-128 inhibits the Akt-p53-cyclin signal pathway in HT29 cells.
To investigate the effect of miR-128 and RPN2 on the Akt-p53-Cyclin pathway in CRC cells, the phosphorylation levels of Akt and mRNA and protein levels of p53 and cyclin D1 were assessed in miR-128, mock and control groups (Fig. 4) . The overexpression of miR-128, combined with low levels of RPN2, inhibited Akt phosphorylation, downregulated cyclin D1 and upregulated p53 expression at mRNA and protein levels (P<0.05).
miR-128 affects the expression of invasion-associated factors including MMP-2, MMP-9, MTA1, E-cadherin and TIMP2 in HT29 cells.
The expression levels of MMP-2, MMP-9, MTA1, E-cadherin and TIMP2 was affected by miR-128 overexpression and RPN2 downregulation (Fig. 5) . miR-128 mimic transfection inhibited the expression of MMP-2, MMP-9 and MTA1, and promoted the expression of E-cadherin and TIMP2 at mRNA and protein levels (P<0.05).
Bioinformatics target prediction and luciferase reporter assays. The target prediction databases indicated that one highly conserved miR-128 binding site was present in the RPN2 3'-UTR (Fig. 6A and B) . Direct interaction between miR-128 and RPN2 was verified by dual-luciferase activity assay. miR-128 mimic transfection significantly inhibited the relative luciferase activity of RPN2 3'-UTR in 293 cells (P<0.05), while there was no significant difference among the control, NC and miR-128 + Mut-RPN2 3'-UTR groups (P>0.05; Fig. 6C ).
Discussion
Colorectal cancer (CRC) is a malignancy with high mortality rates worldwide, which may be due to high metastasis rates (33, 34) . Previous studies have suggested that the aberrant expression of miRNAs, including miR-128, was identified to be associated with clinical CRC development and metastasis by regulating target genes and mediating protein expression in cancer-associated pathways (35) (36) (37) . Concomitantly, RPN2 has been suggested to be closely associated with the tumorigenesis of CRC (38, 39) . However, whether miR-128 exhibits a direct regulatory effect on RPN2 in CRC cell proliferation and metastasis remains unknown.
In the present study, it was identified that the aberrant expression of miR-128 was negatively associated with RPN2 in CRC tissues and cell lines including HT29, SW480, SW620, and HCT116 cells. The increased RPN2 levels and corresponding decreased miR-128 levels were significantly associated with poorly-differentiated histology, advanced disease stages and lymph node metastasis in patients with CRC. In addition, the survival rate of patients with CRC was associated with RPN2 levels. These data suggest that miR-128 and RPN2 serve critical roles in CRC development and tumor metastasis.
In order to detect the molecular mechanisms of miR-128 and RPN2 regulation during CRC development, the miR-128 overexpression model was constructed by miR-128 mimic transfection in HT29 cells, in order to induce the highest RPN2 expression and lowest miR-128 expression levels. The results of this assay verified that miR-128 overexpression downregumiR-128 overexpression downregulated the mRNA and protein expression levels of RPN2, and significantly inhibited CRC cell proliferative, migratory and invasive abilities. It suggested that the negative regulatory role of miR-128 on RPN2 may serve as a suppressor of CRC development and metastasis.
As an essential subunit of the oligosaccharide transferase complex, RPN2 induces cell signal recognition and transduction and cooperates with numerous signal pathways, including the phosphatidylinositol 3-kinase/Akt signaling pathway, which is suggested to be closely associated with tumorigenesis (40, 41) . The phosphorylation of Akt will activate downstream target genes to regulate the cell cycle, proliferation and migration (42) . This is achieved primarily through activation of cyclin D1 by phosphorylated Akt to promote cell cycle G1/S transition (43) . Cyclin D1, a downstream target of the Akt-p53 signaling pathway, is a key in nuclear transcription factor in cell cycle regulation. The activation of Akt and Cyclin D1 has been demonstrated to be associated with CRC occurrence and development (44) . The present study identified that aberrant high miR-128 expression, along with low RPN2 expression, decreased the phosphorylation level of Akt, downregulated the mRNA and protein levels of cyclin D1 and promoted p53 expression levels markedly, which indicated an inhibition of theAkt-p53-cyclin signal pathway by miR-128 mimics. It suggested that the suppressive function of miR-128 mimics on the migratory ability of HT29 cells may depend on the inhibition of Akt-p53-cyclin signal pathway.
To additionally verify this hypothesis, the effect of the ectopic expression of miR-128 on epithelial-mesenchymal transition (EMT) and metastasis-associated genes including E-cadherin, MMP-2, MMP-9, MTA1 andTIMP2 were evaluated. EMT is an essential process for cell metastasis (45) , in which cancer cells obtain migratory capabilities to enter into circulatory system via the extracellular matrix and basement membrane of blood vessels (46) . E-cadherin is the marker of epithelial cells. As a cell adhesion molecule, the protein complexes of E-cadherin combine with actin cytoskeletons to weaken cell-cell adhesion and induce migration and invasion of tumor cells (47) . MMPs are structurally analogous, zinc-dependent endopeptidases (48) . MMPs and their inhibitors (TIMPs) serve important roles in extracellular matrix degradation (49, 50) , which may induce tumor invasion and metastasis (51). MMP2 and MMP9 are able to degrade the primary component of type IV collagen to induce basement membranes degradation (52) , which results in cell migration and eventual tumor metastasis. MMPs serve important roles in EMT-associated regulation of cell migration (53) . The mRNA expression of MMP9 was verified to be notably improved during murine colitis-associated cancer progression following administering azoxymethane and dextran sulfate sodium ingestion (54) . MTA1 was demonstrated to be persistently highly expressed in lymph nodes metastasis in non-small cell lung and breast cancer, CRC and pancreatic cancer. It may inhibit the expression of tumor suppressors and contribute to cell migration and invasion (55) . In the present study, it was confirmed that the expression levels of MMP-2, MMP-9, MTA1, E-cadherin and TIMP2 were significantly affected by miR-128 overexpression not only at mRNA levels but also at protein levels. Cells transfected with miR-128 mimics expressed decreased levels of MMP-2, MMP-9 and MTA1, but increased levels of E-cadherin and TIMP2, which inhibited cell migration. It was also revealed that the regulation of metastasis-associated proteins was necessary in the molecular mechanisms underlying the miR-128-associated modification of HT29 cell metastasis.
To comprehensively investigate the association between miR-128 and RPN2 in regulating CRC cell proliferation and migration, additional experiments were performed. According to the bioinformatics analysis, it was identified that the RPN2 3'-UTR contained the binding site of miR-128. Luciferase reporter gene analysis confirmed that RPN2 was a direct target of miR-128: The RPN2 3'-UTR or Mut-RPN2 3'-UTR recombinant plasmids were co-transfected with miR-128 mimics into 293 cells. The results demonstrated that the miR-128 mimics significantly inhibited the relative luciferase activity of RPN2 3'-UTR cells, but exhibited no effect on the Mut-RPN2 3'-UTR plasmid. This confirmed that miR-128 directly targeted the 3'-UTR of RPN2. It also suggested that miR-128 targeted RPN2 during the regulatory process of CRC cell proliferation and migration.
In conclusion, the results of the present study suggested that miR-128 was a specific negative regulator of RPN2, which attenuated colorectal cancer cell proliferation and migration. This regulation may be associated with the Akt-p53 signal pathway and metastasis-associated factors. These data may provide novel evidence for potential target biomarkers in the treatment of colorectal cancer. 
